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An clectrosurgical instnimcnt, which is used for 
ihe titairoem of tissue in the presence of an decnicaUy. 
conductive fluid nwdium. comprises an instrumcni shaft 
i i «wembJy (12) at one end of the 

shaft. The electrode assembly (12) comprises a tissue 
and a renim electrode (18) which is 
cleemcally insulated fiwn diB Ussne treaonent etoctrode by 

electrode (14) is exposed at the distal end portion of die 
instnimsnt (10). and the letum ekorode (18) has a auid 
contan surface spaced proximally from the exposed end 

n^-^ ""T^ ^ ^ insulation member 

(16). The exposed end of die tissue ireaimem elearode (14) 
IS consiiniied by a plurality of tissue oatiiiem Rlameittary 
mcmbeis made of an clectiicaUy^ondKihfe mateitaL 
UK filamentary memben being electrically connected in a 
comrooo ekcoical supply conductor. » ■ 
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Air UNDERWATER ELECTROSURSICAL INSTRUMENT 

This invennon relates to an eiectrosurgicai instrument for the treatment of tissue in the 
pnsence of an dectrieany conductive Huid medium, to elenrosurgical apparatus inchiding 

5 such an instiumenu and to an electrode unit for use in such an instrument. 

Emioscopic electrosurgety is usefiil for treating tissue in cavities of the body, and is 
mOTiallypeiibnnedinthepresenceofadistensionmedhim. When the distension medium 
is a liquid, tte is commonly referred to as underwater electrosurgery. thU term denoting 
deetrosurseiy in which living tissue is treated using an eiectrosurgicai instntmem with a 

10 treatment' electrode or electrodes immersed in Uquid at the operation site. A gaseous 
mediuth is commonly employed when endoscopic surgery .s performed in a distensible 
body cavity of larger potential volume in whidi a liquid medhim would be unsuiuUe. as 
is often the case in Uparoscopic or gastroemeroiogical surgay. 

15 Underwater surgery is commonly performed using endoscopic techniques, in wWch the 
orioseope hself may provide a comhrit (commonly referred to as a woridng cham«l) fbr 
U« passage of an electrode. Altenmively. the endoscope may be spedficaUy adapted (as 
in a reseaoscope) to indude means for mourning an electrode, or the electrode m>y be 
iawduced imo a bodv cavity via a separate access means at an angle with respea to the 
no endoscope - a technique commonly refeoed to as tnangulation. These variation, m 
technique can be subdivided by surgical speciaUty, where one or other of the techmques 
tas paticular advamages given the access route to the specific body cavity. Endoscopes 
with imegrd working chamids. or those d.aracterised as resectoscopes. are generdly 
aaptoyed when the body cavity may be accessed through a natural opening - such as U« 
.5 cervical canal to access the endometrial cavity of the utert«. or the urethra to access the 
prostate itland and the bladder. Endoscopes specifically designed for use m 
endometrial cavitv are referred to as hysteroscopes. and those designed for use « the 
urinary tract indude cvstoscopes. urethroscopes and resectoscopes. The procedure of 
„«s„«hd resection or vaporisation of the prostate dand are la««m M 
30 respecivdv. ^When *ere « no namral body opening through which an endoscope may be 
pa,«d..heted»aqueof.iian«uiation is commonly employed. Triangulation » commonly 
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used during imdenvaier endoscopic surgery on joini cavities such as the knee and the 
shouider. The endoscope used in these procedures is commonly referred to as an 
anhroscope. 

5 Elecirosurgeiy is usuaUy carried out using either a monopolar insinmiem or a bipolar 
insmimeni. With monopolar elcctrosurgery, an active electrode is used in the operating 
region, and a conductive rciura plate is secured to the patient's sicin. With this 
anangenwat. cuirem passes from the active electrode through the patient's tissues to the 
ewemai return plate. Since the patient represents a significant portion of the circuit, input 

10 power levels haveto be high (typically 1 50 to 250 watts), to compensate for the resisuvc 
current bmiting of the patient's tissues and. in the case of underwater elccu-osurgery, 
power tosses due to the fluid medium which is rendered partially conductive by the 
presence of blood or other body fluids. Using high power with a monopolar arrangemem 
is also hazardous, due to the tissue heaimg that occurs at the return plate, which can r a tu e 

15 severe sidn bums. There is also the risk of capadtive coupling between the tnstiumem and 
patient tissues at the entry poim imo the body cavity. 



With bipolar elecirosurgery, a pair of electrodes (an active eiearode and a renim 

elearode) are used together at the tissue application site. This airangcment has 
20 advamaoes from the safety standpoint, due to the relative proximity of the two electrodes 

so that radio frequency currents are limited to the region between the ciectrodes. 

However, the depth of effea is directly related to the distance between the two ciectrodes; 

and, in applications requiring very small electrodes, the imer-electrode spacing becomes 

very smaO, thereby limiiing tissue eSea and output power. Spacing the electrodes further 
25 apan would often obscure vision of the application site, and would require a modification 

in surgical technique to ensure correct contaa of both eleco'odes with tissue. 



There are a number of vaiiations to the basic design of the bipolar probe. For example, 
VS. Pasem Spedficaxion No. 4706667 describes one of the fimdamemals of the design, 
30 namely that the ratio of the contaa areas of the reura electrode and of the active electrode 
is greater than 7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
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culling electrode configurauons. When a bipolar instalment is used for desiccation or 
coagulation, the ratio of the comaa areas of the two electrodes may be reduced to 
approxiroately 1 . Uo avoid diflcreniial electrical stresses occurring at the contaa between 
the tissue and the etearodes. 

5 

The ctedrical junction between the rcmm eiearode and tissue can be supported by wetting 
of the tissue by a conductive sohiiion such as normal saline. This ensures that the surgical 
is fimhed to the needle or active electrode, with the electric drcuii between the two 
electrodes being completed by the tissue. One of the obvious limitations with the design 
10 is thai the needle must be completely buried in the tissue to enable the return electrode to 
■ complete the circuit- Another problem is one of the orientation: even a reUiively smaU 
change in application angle from the ideal perpendicular contact with rcspea to the tissue 
sutfiiw^ wiU change the contact area ratio, so that a surgical effea can occur in the tissue 
in contart with the return electrode. 

15 

Cavity distension provides space for gaining access to the operation site, lo improve 
visuafisadon. and to aUow for manipulation of instruments. In low volume body cavities, 
pardculariy where it is desirable lo distend the cavity under higher pressure, Uquid rather 
ihan gas is more commonly used due to better optical charaaeristics. and because it 
20 washes Wood away from the operative site. 

Conventional undenmcr decuosurgery has been perfo using a non-conductive liquid 
(such as 1.5% glycine) as an irrigani, or as a distension medium to cUminaie electrical 
conducnon losses. Qycine is used in isotonic concentrations to prevent osmotic changes 
25 in the Wood when imra-vascular absorption occurs. In the course of an operation, veins 
may be sevemt with lesuham infiision of die liquid imo d« circulation, which could cause, 
among other things, a dihition of senim sodmm which can lead to a condition known as 
water intoxication. 

30 Tne applicants have found thai it is possiWe to use a conduaive liquid medhmL such as 
normal salme. in underwater endoscopic eiectrosurgeiy in place of non^onductive. 
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. deorolvte-freesoiuiions. Nonnal saJine is the preferred distension medium m underwater 
endoscopic surgery when electrosurgery is not contemplated, or a non-eiectrieal tissue 
effea such as iaser treatment is being used. AUhougii normal saUne (0.9%w,v. 1 SOmmolfl) 
has an electrical conductivity somewhat greater than that of most body tosue. it has the 
5 advamaee that displacement by absorption or extravasation from the operative site 
produces IhUe physiological et&ct. and the so^ed wa«r imoxication eSects of «y«r 
conducnve. electrolyte-free solutions are avoided. 

Cartxm dioxide is the preferred gaseous distension medium, primarily because of itt non- 
10 toxic nature and high water solubility. 

m endoscopic orocedures in which the distension medium is a gas, the appBcants have 
found that U is possible to use an electrically-conduoive gas (soch.as argon) in place of 
carbon dioxide. Argon is conductive when excited into a discharge state, and has been 
,5 cmploved in both endoscopic and com/emional monopolar electrosurgery as a method of 
UKreasim: the disumce between the tissue «.d the instnmiem. by providu^ 
p«h between the two when hid. vohage electnwurgical ouputs such as spray or fiJ^ 
arebeingused. The hi«h voltages used in this appUcation result m. very low penetratum 
ofthedectrosuTBcalefiectimo the tissue, making thetechnique only suitable to 

,0 bleedina from multiple sman blood vessels. THs aUow, the surgeon to stanch bleedmg 
from mddple sites in a surgical wound using a rapid -paiming" technioue. rather 

applying electrosurgery to each individual ble«iing site. The argon gas is dehvered 
through a hoUow surgical instrument, and passes over the monopolar electrode exp^ 
,„h.dpoftheins.nnne«.sastre»a This pn.h«es a region a. the operative saewtach 
,5 ,s.id.inan.oa«»iwHchco«ributes.o.hedis.ensionofthebodycav.ty.ffi^ 
mooopolaT'deorosurgical outpuu are undesirable in endoscope 

nslc of dama«ne structures outside the field of vision, by either capadtive or 
coupling toa;o;non of the ms.r,m«ntremotefi«m the operatWe site oftenou 

fidd of vision of ihc operaior. 

30 



RECTIFIED SHEET (RULE 9n 
ISA/EP 



WOm4»4 PCT/GB97/00066 _ 

5 

Tat apimcams have developed a bipolar insmimcm suitable for underwater eieorosurgery 
usins a conductive liquid or gaseous medhim. Thb electrbsurgical instrument for the 
ireaxmem of tissue in the presence of a fuiid mediuin. comprises an instrument body having 
a nandpiece and an insinmient shaft and an electrode assembly, at one end of the shaft. 
5 The decirx>dc assembly comprises a tissue wcaiment electrode which is exposed at the 
extreme distal end of the instrument and a renim elearode whidi is dearically insulated 
ton the tissue treatmem elearode and has a fluid contact sur&ce spaced proximaily firom 
the exposed pan ofthe tissue treatment dearodc. In use of the instrument the tissue 
treamtem dearodc is applied to the tissue to be treated whUst the return decirode. bdng 
10 spaced proximaUy from the exposed pan ofthe tissue ireaimem decirode. is nonnafly 
spaced from the tissue and serves lo complete an dectrosurmcal cuirem loop from the 
tissue ireaunent dectrode through the tissue and the fluid mcdhmi. This dectrosurgicd 
instrumem is described in the specification ofthe appUcams" co-pending British Patent 
AppiicauonNo. 9512889.8. 

15 

The dearodc simcnire of this insirumenu in combination with an decirically conductive 
fluid meton largdy avoids the problems experienced with monopolar or btpotar 
dccirosurgery. In paniailar, input power levels are mudi lower than those generally 
n«essaiywhhamonopolaraiTangement(iypicaUylOOv«^ Moreover, because of the 
20 relatively large spadng between its decirodes. an improved depth of effect is obtained 
compared with conventiond bipolar arrangement. 

The aim ofthe invendon is to provide an improved deorosurgicd instmment of this type. 

25 The ptescmim«miion provides an deorosurgicd instrument 

the presence of an dcoricdly-cowJuoive fluid medhfflu the instromem comprising an 
insinfflttm shaft, and an dearodc assembly at one end of the shaft the decir^^ 
comprising a tissue ireatmem deorode and a rcninidearodevrtiidi is cleariadhr 
insulated from the tissue ireaonem decirode by means of an insuUmon member, the tissue 

30 treatment dectrode bdng exposed at the distd end ponion of the insuumcnt, and the 
rerum dearodc having a fhri d comaa surfece spaced proximdly from the exposed end of 
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,he tissue ueaunent electrode by me .nsuiauon member, wherei. *e exposed end of U« 
,is«.e ueaonen. eiearode is consutu.ed by a piuraiity of tissue .re«me« filainenmy 
members made of an eiec.r,caliy-conducuve mater>al. the fflamemary members bang 
eleetricaUy connecwd to a common eiectrical supply conduaor. 

' Tte ren«n decrode is spaced from the tissue treatment electrode so thau in use, it does 
no. comaa the tissue to be treated, and so that the electrical circuit is always compleud 
b, the conductive fluid, and not simply by arcing between the electrodes. Indeed^tite 
,™™em is such that arcing between the adjacent pam of the electrode >^ u 

,0 avoid^l^thcrebyensuringthatthetissuetreatmehtelectrodecanbecome^^^^ 

vapour pocket so that tissue entering the vapour pocket becomes the prerened path fbr 
c«Tem to flow back to the return electrode via the conductive flmd. 

The electrosur^cal instnnnent of the invention is usefi.1 for dissection. r«ectio», 
,5 v.po.is«io.d«iccationandcoaguUtionoftissueandcomb^tionsofthese^^ 
^panicularappfic-ioninhysteroscopicsurgicalproc^^^ Hysteroscoptc op««ve 
..^^■^ ^ofsubmucosalfl»oids.poh^sandmalign3«neap>.«« 
^~^of conga-tal uterine anoma^s such as sepmm or subscptum; aw«on of 
^ (adhesiolysis): abUtion of diseased or hypertrophic endometna. ttssue; ««. 
.20 hacmosiasis. 

Th. instrum-t of the invention .s also useful for dissecuon. resection, vapo.^ 
.^^^^^^onoftissueandcombinanonsoftheseflm^^ 

^pBc-io- in -throscopic surgery as it pertains to e»loscop.c «td 
,5 pldu«pe.ibnnedonioi«softheboayinch.din^butnotB.ni.- 
-'l^^ ,0 the sp»e „d other non-syno.. |o^. 

Lisc-cvste«om..lateralretmacularrel««eofthekneejo.nt;r^ 
po«e,ior cn^ate Uoaments or remnanu thereofc labral tear resecnon. -«««^ 
30 I^L^andsub^romialdecon^onoftheshouM^ 
^ILBhu.arjoi„t:synove«omy.cartiiagedebHdem^ 
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disioearion. subluxauon or reperiiive stress «^ lo «w anicuiated joint of the body, 
discaomv either in the treatmem of disc prolpase or as pan of a spinal fiiston v,a a 
5 posterior or amehor approach to the cervicaL thoracc and bmbar spine or any other 
fibrous joint for similar purposes; excision of diseased tiss,«; and haefl«,stas.s. 

The instnnnent of the invendon is also for dissection, raccoon, vaporisation, 
daieeation ^ coa»Jatio« of tUsue and con*inations of these nmctions w,th pamcular 
,0 appiic«k,n in urplOgical endoscopic (ur«hroscopy. cystoscopy, ureteroscopy and 
„««.oscopv, and percutaneous st^ety. Urological procedures may include: electro- 
v^orisationoftheprostateeland (EVAP, and other variants of the procedure conunonW 
\^„.stn«»ure.h.alresecdo„ofthepros.ate(TUW')indu^^ 

abUtion of the prosutc ^Und by a percutaneous or pen.re.hral route whether 
,S perfort„edforb«.i^orn»li8n«udis.ase;..ansure^ 

Lytn^nHnoursastheyn-yariseasprim^yorsecondaryneop.^^ 
^nuy arise anywhere in the urologica. traa from U« calyces of the iad^^ 
tTe^ .^.hrZl. dWislon of strioure. as they ™ay artsc at the peWtur^c 
j^(^ur«er.urete.a.o.«c.b.addernec. or urethra: correc^^^^ 
,0 ^ofb>adderdiven.cu.ar.cystop.styproceduresastheyperta.ntocorr^^^^ 

yoidingdysa^^io^thern-iWinduced^^ 

for bladder neck descent: excision of diseased .issue; ««J haemostasa. 

^^u^the^entof^e^on.^^ 

,5 3S.en«y»,hcsur«alsitethroughana.ufic.3lcond.^ 

co«towhid.n-ybeinana«a»n.icalbodyc««yorspaceorone««^^ 
^^orspacemav be diste^led during deprocedure using a Outd or .nay be natun^ 

ropenn^st.-^ -Thesurgicalsiten^y '"-"^ 
rcILivefluidsuchassali„esoh..io„tofinanddiste„tlthecavity. Thepro^ 

,0 „«, inch.de sinnU^neous Viewing of the Site via 
visuabsauon means. 
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In a preferred embodimenu a plurality of separate, individual filaments constitute the 
fiiameniary members. Advanueeously. the filaments each have a iength lying within the 
range of from 0.5 mm to 5 mm. in which case the instmmem is used for tissue removal by 
vaporisaiioa Preferably, the filaments each have a diameter lying within the range of fit>m 

5 0.05 mm to 0.3 mm. 

Aliemariveiy. a single coiled filament constimtes the filamentary members, the coils of the 
filament constimting the filamentary members. 

10 Preferably, the filamentary members extend longitudinally firom the extreme distal end of 
me insmmicni. Mcmaiivcly. ihe filamentary members extend laieraUy through a cut-om 
formed in a side surface of the insulation member adjacent to the distal end thereof 
Converaenily. the rcmm deorode is formed whh a hood-Bkc extension which extends over 
the surfece of the insulation member which is opposhe the cut-out. 

15 

In another prefctred embodiment, the filamentary members arc mounted within the 
insulation member in such a manner that they are axEaUy movable relative to the insulaiion 
member between a first operating posmon, in which they extend partially firom the 
insulation member, and a second operating position, in which they extend fiilW firom the 
20 insulation member. In this case, the insirumem can be used for tissue removal by 
vaporisation when the filaments are m the first operating posinon, and for desiccation when 
the filaments are in the second operating position. 

Advantageously, the common electrical supply conductor is a central conductor, the 
25 insulation member surrounding the central conductor. 

The filamentary members may be made from a precious metal such as platimmi or from a 
platinum alloy such as platinum/iridium, platimmunmasten or plaiinum/cobah. The 
filamentary members could also be made of nmgsten. n« insuUuon member may be made 
30 of a ceramic material, silicone rubber or glass. 
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Where the filaincniary members are separate indiviQual filamems. they may each have a 
lenaih iying within the range of from 5 mm to 1 0 mm. In this case, they may be made of 
stainless sted. 

5 In yet another preferred embodiment, the insulation member is fonned with ai least one 
wing, the or each wing extending distaily from the insulation member lo project beyond 
±t tissue treaimcm electrode. Preferably, the insulation member is formed with a pair of 
diametrically-opposed wings. 

10 The invention also provides an electrode unit for an eiectrosurgical instrument for the 
ireaimcnt of tissue in the presence of an electrically-conductive fluid medmm. the electrode 
unh comprising a shaft having at one end means for connection to an instrument handpiece, 
and, mounted on the other end of the shaft an electrode assciiibly comprising a tissue 
treatment decirode and a reuim electrode which is electrically insulated from the tissue 

15 treaimemelearode by means ofan insulation member, the tissue treamcmdectro 

exposed at the distal end portion of the instrument, and the renim dectrodc having a fluid 
comaa surfecc spaced proximaUy from the exposed end of the tissue treatmem dectrode 
by the insulation member, wherdn the exposed end of the tissue treatment electrode is 
constituted by a phiraliiy of tissue treatment fiiamcmary members made of an dectncally- 

20 conduaive material, the filamentary members being electrically conneaed to a common 
dearical supply conduaor. 

The invention fuithcr provides dearosurgical apparams comprising a radio frequency 
generator and an dectrosurgicai instnimem for the treatment of tissue in the presence of 
25 an dcctricaUy-conductivefhiid medium, the instiumera comprising an instr^ 

an dectrodc assembly at one end of the shaft the dectrode assembly comprising a tissue 
treatmem dectrode and a rcmm dectrode which is decirically insulated from the nsaie 
ireaxmem dearode by means of an insulation member, the tissue treatment dectrode being 
exposed at the distal end portion of the instrument, the remm dectrode having a fluid 
30 contact sum^ spaced proxmially from the exposed end of the tissue ireaimew 

by the insuiarion member, and the radio frequency generator having a bipolar output 
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conneaed to ihe tiectrodes. wherem the exposed end of the tissue ueatmem eiearode is 
constituted by a piuraUty of .issue treatment filamentary members made of an eiectricaily- 
conductive material, the f.iamentary members being eiectricaily connected to the radio 
frequency generator by a common electric supply conduaor. 

Advantageously, the radio frequency generator includes control means for varying the 
outout power deUvered to .he electrodes, the control means being such as ,o provide 
output power in first and second output ranges, the firs, output range being for powering 
,he elearosuitical instrument for ussue dessication. and the second output range being for 
,0 poweiine the electrosurgical instmmem for ussue removal by vaporisation. Preferably, the 
first omput nnge is from about 150 volts to 200 volts, and the second output range .s .rom 
aboul 250 volts to 600 voiis. the voltage being peak voltages. 

The invention will now be described in greater detaU. by way of example wuh reference 
1 5 to the drawings, in which> 

Figure 1 is a dagnmmanc side elevation of an electrode assembly at a distal end of a first 
fonn of eiearode unit constructed in accordance wth the invention; 

20 Figure 2 is a graph iUustranng the hysteresis which exists between the use of the electrode 
unit of Figure I in desiccating and vaporising modes: 

Figure 3a is a diagrammatic side elevation of the first elecuode umt. showing the use of 
such a unit for .issue removal by vaporisation; 

" Figure 3b is a diagrammatic side elevauon of the first eiearode umu showing the use of 
such a unit for tissue desiccation: 

Fieures 4a to 4c are diagrammatic side elevations of the eiearode assembly of a second 
30 fom. of eiearode unit constivaed in accordance with the invention; 
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Fieures 3a and 5b are diagrammaiic side clevaiions of the'elearode assembly of a third 
fonn of eiecirode unit consuucied in accordance with the invention; 

FiBurcs 6a and 6b are diagrannnatic side elevations of the electrode assembly of a fotmh 
5 form of electrode unit constructed in accordance with the invention; 

Fimires 7a and 7b are diagrammatic side elevations of a fifth fbnn of electrode unii 
constructed in accordance with the invention; 

1 0 Fiaurc 8 is a diagrammatic side elevation of a sixth form of electrode unit consuucied in 
accordance with the invention; 

Figure 9 is a cross-seaion taken on the line A»A of Figure 8; 

15 Figure 10 is a diagranrniaaic side devationofa seventh fonn of dectrode. unit constructed 
in accordance with the invennon; 

Figures 11 a to 1 1 d are diagrammaiic side devations of further forms of dectrode unit 
constructed in accordance with the invention; and 

20 

Figure 12 is a diagram showing an dcctrosurcicai apparatus constructed in accordance 
with the invention. 

Each of the dectrode units described bdow is imended to be used with a conducove 
25 distension mcdhmisudi as normd saline, and each unit has^ 

the conductive medium acting as a conduaor between the tissue bang waied and one of 
ihe dectrodes, hereinafter caUed the rcnim dectrode. The other dectrode is applied 
QirecUy to the tissue, and is herdnaiier caUed the tissue treatment (active) dectrode. In 
many cases, the use of a liquid distension medhim is prefierable, as it prevents cxcesswe 
30 dectrode tetnpeiamres in most ciraimstances, and largdydiininates tissue st^ 
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RefoTing to the drawings. Figure 12 shows electrosurgicai apparatus mduding a 
eeneraior I having an output socket 2 providing a radio frequency (RF) omput for an 
insimmcm in the form of a handpiece 5 via a connection cord 4 Activation of the 
generator \ may be penormed from the handpiece 3 via a control connection in the cord 

5 4.orbymeansofafootswitchunit5.asshown.conneaed separately to the rear of the 
generator 1 by a footswitch connection cord 6. In the illustrated embodiment, the 
footswitch unit 5 has two fooiswiichcs 5a and 5b for selecting a desiccation mode and a 
vaporisation mode of the generator I respectively. The generator from panel has push 
buttons 7a and 7b for respectively setting desiccation and vaporisation power levels, which 

10 are indicated in a display 8. Push buttons 9a are provided as an alternative means for 
selection between the desiccation and vaporisation modes. 

The handpiece 3 mounts a detachable electrode unit E, such as the electrode units El to 
El I to be desciibed bdow. 

15 

Figure I shows the first form of electrode unit El for detachable fastening to the 
dectiosursical instrument handpiece 3. the electrode unit comprising a shaft 10, which is 
constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
copper or gold, with an electrode assembly 12 at a distal end thereof. At the other end 
20 (not shown) of the shaft 10, means are provided for comieamg the electrode unit El to 
a handpiece both mechanicaUy and electrically. 

The RF genemor I (not shown in Figure 1) deUvers an elearo-surgical currem to the 
electrode assembly 12. The generator inchides means for varying the delivered output 
25 power to suit different electrosurgicai requiremems. The generator may be as described 
in the specification of our co-pending British Patent AppUcation 9512888 .0. 

n^etorode assembly 12 indudes a cemraL tissue ueatment (active) electrode 14 in the 
fonnof ahmshdectrode. The acrive decirode 14 is conneaed to the generator 1 via an 
30 ime«l cemral conductor 14a and a cemral copper conduaor (not shown) positioned 
wiuLthehandpieceoftheinstrumem. The bmshdectrode 14 ,s constituted by a plurafaty 
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of nlamems of mngsien. the nlamems having diamaers tying in the range xrom O.OSnun to 
0.3mm. A tapered ceramic insulation sleeve 16 surrounds the conduaor 14a. A return 
electrode 18. which is constituted by the distal end portion of the shaft 10. abuts the 
proximal end of the sleeve 16. An outer insulating coating 20 surrounds the proximal 
5 ponion of the shaft adjacent to the return electrode 18. The coating 20 would be 
poiyvinyiidene fluoride, a polyimide. polytetraftioroethylene. a polyolefin. a polyester or 
ethylene teirafluoroethylene. 

By varying the output of the generator 1 . the electrode unit £1 of Figure 1 can be used for 
10 tissue removal by vaponsaxioa or for desiccation. Figure 2 iUustraxes how the RF 
generator 1 can be controlled to take advantage of the hysteresis which exists between the 
desiccation and the vaporising modes of the electrode tmh El. Thus, assuming the 
electrode assend)iy 12 of the unit El is immened in a conductive medium such as saUae. 
there is an initial impedance "r" at point "O*. the m^tude of which is defined by the 
1 S geometry of the electrode assembly and the electrical conductiviiy of the fluid medhtm. 
The value of "r" will chaise when the active electrode 14 contacts tissue, the higher the 
value of "r" the greater the propensity of the electrode assembly 12 to enter the 
vaporisation mode. When RF power is applied to the electrode assembly 12 the fluid 
medhmi heats up. Assuming the fluid medium is normal saline (0.9% w/v). the 
20 temperature coefficient of the fluid medium is positive, so that the corresponding 
impedance coefideni is negative. Thus, as power is applied, the impedance inhially fells 
and continues to faU with increasing power to poim "B", at which point the saUne in 
intimate contact with the electrode assembly 12 reaches boiling point. Small vapour 
bubbles form on the surftice of the active electrode 14 and the impedance then starts to 
25 rise. After point "B". as power is mcreased fiitther, the positive power cocffidcm of 
i in pH fl f y^ is so that increasing power now brings about increasing impedance. 

As a vapour pocket forms from the vapour bubbles, tiiere is an increase in the power 
density at the residual electrode/saune imeifece. There is, however, an exposed area of the 
30 active electrode 14 not covered by vapour bubbles, and tWs further stresses the intcrfece. 
produdng more vapour bubbles and thus even higher power density. This is a ron-away 
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condition, with an equiiibnum point only occurring once the electrode is compicieiy 
enveloped in vapour. For given set of variables, there is a power threshold before this new 
equilibrium can be reached (point "C"). 

5 The region of the graph between the points "B" and "C". therefore, represents the upper 
limit of the desiccation mode. Once in the vaporisation equiUbrium sutc. the impedance 
rapidly increases to around 1000 ohms, with the absolute value depending on the system 
variables. The vapour pocket is then sustained by discharges across the vapour pocket 
between the active dearode 1 4 and the vapour/saline imerfece. The majority of power 
10 dissipation occurs within this pocket, with consequent heating of the active electrode 14. 
The araoum of energy dissipation, and the size of the pocket, depends on the output 
voltage. If this is too low. the pocket will not be sustained, and if it is too to^ the 
elearode assembly 12 will be destroyed. Thus/ in order to prcvcm destruction of the 
electrode assembly 12, the power output of the generator I must be reduced once the 
15 impedance has reached the poim"D-. It should be noted that, ifthe power is not reduced 
a this point, the power/impedance cmvc will continue to cfimb ami electrode desiroction 
would occur. The dotted line E indicates the power level above which electrode 
desuuaion is inevitable. As the power is reduced, the impedance feUs umil at poim "A", 
the vapour pocket collapses and the dearode assembly 1 2 reveits to the desiccaiion mode. 
20 At this poim. power dissipaiion within the vapour podcet is insufficient to suswia iL so that 
direct contact between the acuve dearode 14 and the saline is re^tabUshed. and the 
impedance fells dramaiicaUy. The power density a the active electrode 14 also falls, so 
that the temperature of the saline faUs bdow boiUng point. The electrode assembly 12 is 
theninastaWedesiccaiionmode. With the generator describedm the spedficarion of our 
25 co^)ending British patent applicauon 9604770.9, the output is 350 to 550 vote peak for 
the vaporisation mode, and about 170 volts peak for the desiccation mode. 

It wiU be apparem that the dearode mtit El ofFigme I am be used for desiccation by 
openmmt the unit in the r«non of the graph between thepoim-0-^ 
30 between the poims "B" and -C" In this case, the dearode assembly 12 would be 
mtroduced imo a sdeaed operation site with the aaive dearode 14 adjacem to the tissue 
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to be trcaied. and whh the tissue, the active eiecirode and the rcnira electrode 18 
immersed in xhe saline. The RF generator 1 would then be aciivaied fand cydically 
comroUed as described in the specificaiion of our co-pending British paicni application 
9604770.9) to supply suffidem power to the dearode assemby 12 lo maintain the saline 
5 adiaceni to the active decirodc 14 at. or just below, its boiling poim without creating a 
vapour pocket surrounding the active tip. The decirode assembly would then be 
raanipuiaicd lo cause heating and dessication of the tissue in a required region adiaccm lo 
the active dectrode 1 4 . The dectrode unit El can be used for vaporisation in the region 
of the graph b^wecn the point "D" and the doned line F which constitutes the levd bdow 
10 which vaporisation cannot occur. The upper pan of this curve is used for tissue removal 
by vaporisation It should also be appredaied that the dearode unit El could be used for 
cutting tissue. In the cutting mode, the electrode unit El stUI operates with a vapour 
pocket but this pocket is mudi smaller than that used for vaporisation, so that there is the 
least amount of tissue damage commensurate with cuitii^. TypicaUy. the generator 
1 5 operates at about 270 volts peak for cutting. 

The temperature generated at the active electrode 14 is of the order of UOO^C in the 
vaporisarion mode, so that the active dectrode is made of a material that can withstand 
sudi high tempenmrcs. Preferably, the aaive decirode 14 is made of nmgsicn. platinum 
20 or a plaunum alloy (such as piaiinunvmdium or platinum/tungsten). 

Figure 3a illustrates schematically the use of the dectrode unit El of Figure I for tissue 
removal by vaporisation. Thus, the dectrode unit El creates a suffidentiy high energy 
density at the active dearode 1 4 to vaporise tissue 22, and to create a vapour podcet 24 
25 surrounding the aaive dectrode. The formation of the vapour pocket 24 creates about a 
10-foId increase in comaa impedance, with a consequeminc^ Arcs 
26 are created in the vapour pocket 24 to complete the draiit to the rcwro decirode 1 8. 
t issue 22 which a)ntaas the vapour podcet 24 wiU represent a path of least dcoricd 
resistance to complete the draiit The doser the tissue 22 comes to the aaive dectrode 
30 14. the more energy is wnamirated to the tissue, to the extent that the cdls explode as 
ihev are snudcby the arcs 26. bconisethe remm path through the «)nduaix'e fhud (saline 
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in dns case) U blocked by the high impedince barrier of the vapour pocket 24 The saline 
sohnion also acts to dissolve the sotid products of vaporisation. 

Rgure 3b ilhisiiaies sciienuitically the use of the electrode unit El for tissue desiccation. 
5 tathe desiccation tnode. output power is delivered to the electrode assembly 12 in a first 
ootpm lange. so that cunem flows from the active electrode 14 to become heated. 
prefaaWy to a point at ornear the boiling point of the saline sohition. TOs creates small 
vapour bubbles on the suiftce of the active electrode 14 that increases the impedance 
about the active electrode. 

10 . 

The body tissue 22 typicaUy has a lower impedance than the impedance of the combmanon 

of vapour bobbles and saline solution acSacent to the aaive electrode 1 4 When the active 
electrode 14 sunounded by small vapour bubbles and saline solution is brought into 
com«» vrith the tissue 22. the tissue becomes part of the preferred electncal current path. 

15 Aceordingjy. the pmmedcunent path goes outofthe active electrode Hatthepomtof 
tissue comact. thiough the tissue 22. and then back to the renm. electrode 18 via the sahne 

sohition. as shown by the current path fines 28 in Figure 3b. 

m invention has panicular application in dessicating tissue. For tissue desiccating, one 
.0 p-tfared approach U to contact only pan of the active elearode 1 4 to the tissue 22. wttb 
die rem-nder of the active eleci.t)de remainmg remote from the tissue and surrounded by 
«fine sohmon. so that current can pass from the active electrode to the return electrode 
1» via the saline solution, without passing through the tissue For example, m the 
embodiment shown in in figure 3b. only the distal portion of the active decode 14 
25 contacts the tissue 22. with die proximal portion remaining spaced away from d.et«iue. 

TheiB«eBtio«can.clievedesiccationwithnoorminimalcharnn8ofti,etissue22. When 
the active electrode , 4 contacts the tissue 2X currem passes through the ^ ca«»g 
the tis«« at. «.d around, the comact poim to desiccate. The area and votan. of 
30 desiccated tissue 30 expands generally radiaUy outwardly from tite point of comact. M 
U« tissue 22 is desiccated, it loses h» conductivity. As the area and volume of defected 
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„«„e 30 erows. a poin. « reached where .he cor^ of U« Ossue is .e« ^ U« 
conductivi.y of ^he heated saiine solution surrounding *e acriv, ele«rode 

..ecu„en,wi«prefer.ofo«ow-..ea«-in^cep«h. According- as *e 
. ofU.erissue32inaeases.due.odesicc«ion).oapoi«whereir.pproacnesor^ 

■ ein.pcdanccof.hccon..ina.io„ofvapourbuM..csands.UnesoU^ons^ 

I::.ec.™dcH..eprerer.ede.ec.ca.cur«nrpa.wiU^ 

^.3^.,u«..esa„dS3.ine»H„ic..Ac«rdi^ 

.drLn.os.(orsuhsrantia.MO*ecun«..fl«wnecess«iiysh*^^^ 

.k. ^rnftscd. Stranded portion of the active 
,5 in .he cna«dime„. shown in ngure 3b. the exposed^ P 

.ec^KieHallows parts of .he active e..cuodc.oco««*e«^«^ 

Bec3usen«s.of.he exposed po^onoftha^^-^ ^^^^ 
.issue 22. ,he cutren. paU. will more easUy steft. upon desuxaa 
30 !Le. .0. .he path «h .he tissue .o a p«h ti« 8oes a.r«W .on. .he acnv 
electrode to the saiine solution. 

HoS^considerab.eadva«agcswhenwo.ku.g^r^-^^ 
.od,ca..esinw«ch.ar.eareas^ .«««^- 

^poi«.ti,eremm:aaKe«.o .sv.«blefi«n> .1 «^ 

.^„yed- fom,. This variability of the rewm:.«n. r«» .s expb«d ^ 

below witii reference 10 Figures 4a to 4c. 

„fd«™deunitE2whoseelearode.sseffibly32mch.des 
30 ^•B»e4shows*esecon^forn.o^C^ 

anacrivc deorode 34 whicn is consunned by a piu«" . 
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maierial such as siainicss steel. The fiiamenis ox" the brush electrode 34 are much longer 
(lOmm as compared with 5mm) than the filamcms of the brush electrode J 4. as the 
electrode unit E2 is intended primarily for desiccation. In this embodiment, the 
retum:aciive ratio is variable from > 2:1 in the "dosed" form to < 1:1 in the "splayed" 
5 form. The elearode assembly 32 also includes a ceramic insulation sleeve 56. a rcniim 
electrode 38 and an outer msulating sheath 40, The active electrode 34 is a brush 
elearode whose tip is flexible to provide a reproducible tissue effect wWch is substantiaUy 
independent of the appBcaiion angle of the electrode with respea to the surfece of the 
tissue T (see Figure 4c). Thus, the flejubiUiy of the active electrode 34 results in 
1 0 differemial contact areas of the active electrode dependent on the applied pressure. For 
example. Figure 4a shows the brush elearode 34 ^closed" during the application of fight 
pressure, and Figure 4b shows the brush "splayed" by firm tissue pressure. Ttes enables 
the crration of a broader surgical effea than the diameter of the deorode 34 would 
otherwise allow, thereby reducing treatmeiit time. Figures 4a to 4c also show the return 
15 path P for the current flow from the active decirode 34 to the return electrode 38 via the 
conductive medium. 

This large variauon in the retum:active ratio is a feawre which cannot be supponed by 
convendonal bipolar designs. THs variation in ratio can occur because the conductive path 
20 to complete the electrical circuit is maintained by the low impedance of the electrode 
comaa whh the conductive flmd operating medhmi. In ordo- to sustain the low impedance 
nansfer of RF cncrey to the tissues, the RF generator must be comroUed *m such a way that 
vapour pockets cannot form at the interfece between the active decirode and the tissue. 
This aUows the tissue comao to be comimiaUy wetted by the conductive fluid so that 
25 whilst the tissue water is removed by theiTOd desiccation, the iropedaiu»r^ 
Bant deienraned by a poim just bdow a vohage threshoW above ^ 
smttofonn. This, confined with the greater insulation separation between the actw 
return dectrodes, enables lYai type of deorode unit to ddivcr much higher powers 
effcttivdy to the tissue for a given decirode dhncnsion than any knovim decirode unU. 

30 
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Figures 5a and 5b show ihe tiinl fcnn of electrode um E3 . Tnis unit E3 is a modiacaiion 
of the electrode tinit E2. and its electrode assembly 42 includes an active electrode 44 
which is constituted by piuraiity of filaments made of stainless steel. The active dectrode 
44 is. thereibre. a brush dectrode and the filaments of this electrode are of a similar length 
5 to the filaments of the biush dectrode 32. Tne dectrode unit E3 is. thererore. intended 
primarily for desiccation. The dectrode assembly 42 also inchides a ceramic insulation 
sieeve 46. a remm dearode 48 and an outer insulating sheath 50. The insulation sleeve 
46i$madeofaceramicmateiialand.liketheinsulationsleeve 16 ofthe dectrode unit El. 
i, tapers towards the distal end of the dectrode assembly A2. Figure Sa shows the 
1 0 ciectiode unit E3 in a nonK)p«ationai position, and Figure 5b shows the unit in desiecaring 
mode against tissue T 

Figures 6a and 6b show a founh fonn of dectrode unit E4 whose dectrode assenftly 52 
unhides an extensible active dectrode 54 in the form ofa brush dectrode. The filaments 
,S of the brash dectrode 54 are made of tungsten, phmnum. platinumMnigsten or 
platinumriridhim. The dectrode unit E4 also indudes a cerMnie insulation sleeve 56. a 
remm de«rode 58. and an insulating sheath 60. As shown in Figure 6a. the active 
dcorode 54 can be withdrawn substantidly wiihm the insulation sleeve 56 so that only the 
free end portions of its filaments are exposed. Whh the active dectrode 54 in this position. 
,0 .he dectrode unit E4 can be used to vaporise tissue in the manner described above with 
reference to Fieure 3 . On the other nand. if the active dectrode 54 is extended (see Figure 
6b). so that its filamems extend fidly from the distal end of the sleeve 56. the dectrode uwt 

E4 can be used for desiccation. The ratio of the contaa areas of the return to acnve 
dectrodes ofthe unit E4 can. therefore, be v«ied between the fully retracted aeave 
-'S dectrodeposition(inwhid,the,arioishishandtheunitisusedfbrvapo.isanon).andthe 

«x«ndedposmon (in whidithewio is low ««1 the unit Bused for desicc«ion). Theumt 
E4 adrieves hs dual fimnionality by varying the extern by wWd. the filaments of the acove 

dectrode 54 are extended. Dual fimctiondity could dso be «iieved by varying ««1 
separation between the active dectrode 54 and the rensn dectrode 58 (for example by 
30 varying the length ofthe insulation sleeve 56). With a large extension ofthe filameos of 
U« active dectrode 54 or with a large «dal dectrode separation, a large deonc fidd « 
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created, so that more tissue is affcaed. With no extension of the nUmenis of the active 
electrode 54 or with a reduced electrode separation, a smaller electric field is produced, 
and is used for cutting or vaporisation in circumstances where no collateral thermal 
damage to tissue is desirable. The la^cr electric field pattern is desirable for desiccatioa 
5 or m circumstances where the desiccation of collateral tissue is desirable to prcvem 
haemorrhage from a cut surface. 

Depending upon the ratio of the renim:aaivc dectrodc area, therefore, the brush electrode 
of the invention can have a dcssication function (as exemplified by the embodiments of 
10 Figures 4 and 5). a vaporisation tunction (as exemplified by the cmoodimcm of Figure 3), 
or a dual desiccation/vaporisation ninciion ias exempUfied by the embodiment of Figure 

6). 

AS indicated above, the primary use for the desiccating bnish is in providing a flexible, 
15 broad area electrode for desiccating large int^ areas of tissue. The requirement to 
ueat such areas occurs in hysieroscopic surgery - de»ccaiion of the endometrial Hnmg of 
the uterus, and in urological surgery - desiccation and shrinkage of bladder diverticular. 
In both instances, the electrode is introduced thro»^ the working channel of the 
etuloscope. 

20 

Introduction of the desiccating brush with a long and flexible, filamentary stniciure can 
prove problematical when the woridng channd of the endoscope is angled or includes steps 
in the inner bore. This can deform the brush filaments wluch, once inserted, cannot be 
adjusted and may not conform to the area of tissue to be treated. Bending back of the 
25 fdainemsinay also inadvertently create an electrical shon to the remrndecuw^ 

Wmst preserving the desired fiinctions of flexibility and conua area geomctrsr dcpcndem 
on the pressure of appUcation. the basic desiccating brush can be modified lo overcome 
tlnprt4>lem. For example, the brush filaments can be simply twisted together. Preferably. 
30 however, the filaments are welded together at their distal ends as shown in Figure 7 which 
showsafiffltformofeiecirodeunitE5. The dectrodc unit E5 mdudcs an active electrode 



RGCnPIEDSim(RUL£9D 



PCT/GB97/00066 ^ 

WO 97/24994 

64 in the fom of a brash decirode whose nlamcms are made of plaiinum, 
piiiinunvmngsten or piatinunyiridhim. ' The distal ends 64a of the filamenis are welded 
logciher as shown in Figure 7a. This prevents distonion of the filaments in the working 
channei of an endoscope, whilst permitting bowing of the filaments (as shown in Figure 7b) 
5 10 increase tissue coraaa area. The electrode unit E5 includes a ceramic insulation sleeve 
66, a return electrode 68 and an outer insulating sleeve 70. 

In the dual ftinciion brush elearode. the reiuni:aciivc electrode area can be elevated to a 
level wlBch is capable of produdng tissue vapoiisaiioa Obviously, with a very smaU active 
10 decirodcareaatihcextremeofthisranse,iheamoumoftissuewWchcanb^ 

becomes too smaU to be practically uscnil. If. however, the ratio i$ configured in the nrid- 
range. then the same deorode can be used to produce both effective desiccation and tissue 
removal by vaporisation The shon brush described in Figure I is one example of such a 
dual purpose dectrode. Given that the filaments cam>ot be fiibricated in stainless sted to 
,5 support vapoiisaiion. tungsten filamems are the prrfisrtedmaiero^ 

to thdr rigidity overcoming the issues of distonion during imroduction. Pteium alloys 
withstand the high vaporisation temperatures better than tui«sten but, . due to thdr 
ftcxibUity and the amiealing process duriiig use. camtot be used in the short brash fonn. 
Platinum alloy dual-ftmaion brush-iype dectrodes. therefore, require the modifications of 
20 twisting, braiding, or weiding of the distal lips to prevent distortion. 

These combined mulu-fimoional bmsh dectrode forms are paniculariy usefid iii removing 
nmiourmassesorpolypscncoumeredduringhysieroscopicanduro^^ 
can vaporise the tumour bulk, indse the stdks of polyps, and desiccate any bleeding 
25 vessels or the base of the tumour vwthoui the need to change dectrodes. 

m these multi-fimctional forms, the active dectrode area is maximised for desiccation 
whilst siiU being capable of vaporisation or cutting ftincrions. The minimum ratio depends 
on four important criiera. namdy: 

30 

1 The intrinsic impedance of the target tissue. 
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2. The vohane of the body cavity. 

3. The configuraiion of the active electrode. 

4 The maxinniin output power from the RF generator. 

5 The configuration of the active' electrode obviously influences the ratio, with cylindrical 
fonns representing the lov»est ratio for a given length, but the other faaors relate to the 
inabUny of the electrode to retain a vapour bubble. The Kaments of the bmsh-type 
electrodes retain vapour bubbles, which helps maintain the vaporisation condition. 

10 An artteoscope electrode may be chaiaaerised as short (I00-140mm). rigid with a 

working diameter up to 4mm. U can be imroduced through a stab indsion into a joim 
ca«ity(^orwithautacanmila)usingtheiiiangulauontechinque. When an arthroscope 
i«ludes a brush eleeirode of the type described above, it is operated with a motion which 
commonly moves the hush electrode between the 9 o'clock and 3 o'clock positions on the 
15 arthroscopic image. As a result, the tissue to be treated is commonly approached at a 

shaUow working angle with respect to the axis of .he electrode. The electrode for 
arthoscopy thus needs to have an effect consistent with this angled approach to the tissue. 

The tissue to be treated, such as mentscal cartflage, is commonly dense and of a Wgh 
electrical impedam* such tissue having a free edge representing a common injury siw 
20 where treaimem is required. The drawback of known arthroscope electrodes which are 
soSd feim electrodes is dm. because the joim spaces are commonly smaU (the joint spaces 
in the knee being typieaUy 60-100 mis under Quid distension), the vapour bubbles 
genented are torge and tend to cause problems vrith visuaBsation. 

-5 Figure 8 shows u> «ihroscope electrode unit E6 constmaed in accordance with the 
i.w«oon. The electrode unit E6 includes an active electrode 74 which is constinned by 
a phiraticv of filamems made oftungsten or an aUoy of mngsten or ptomm. The actrve 
(bmsh) electrode 74 is competed to an RF generator (not shown) via a cemral copper 
conduaor (also not shown) A cenmnc insulation sleeve 76 surrounds the cemnl 
30 conductor. d>e fil»nems 74a of the bmsh electrode passing along the insulation sleeve and 
extewling taieraUv therefrom through a cut-out 76a. A remm electrode 78. which .s 
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consim«ed bv the dis«i end of Ae ummment shaft, surrounds the proxinui end of .he 
sleeve 76. An outer insulating coating 80 (which would be poiyvinyUdene fiuonoe. ^ 
poivinide. pohrtetiafluoroethylene. a polyolefin. a polyester or ethylene 
.etnfiuoroethvlene) surrounds the proximal portion of the shaft adjacent to the return 
5 electrode 78. The return electrode 78 is formed with a hood-like extension 78a wtach 
extends over the sulfece of the sleeve 76 which is opposite to the cut-out 76a. -n.* 
electrode unit E6 can. thus, provide maximum tissue «.8ase«en. for shallow woriong 
angle applications, and is known as a side-effea electrode. 

,0 Becauseof.hehidterimpedanceof.hetar«ttissu.thearthroscopicmul«^^^^ 

electrode should' suppon a lower ratio than electrodes designed for hysteroscop.c a„d 
uroloeical applications where the tissue is more vascular. Rcdudng the rauo do^ 
Howe^r-haveonedr^^adcinbodycavinesof small vohH„c.s„=»»as*ek^^ 

is typi-ay 60-80 mis. and that is hewing of the surrounded irHgam or distens.on fluid. 
15 Hewing occurs pritnari^ during the appBcation of power to reach Ute vapor^on 
^ Once.be.hrcsholdhasbeenr««a«d..hep«werre,uirementtypicaUyf^^ 

30.50%. Reducing the electrode ratio i«««ae. the power requ«ment to reach the 

U^sholdsotha^despHethehighimpedanceofthet-gettis^^^ 

U« ratio to the lowest vahie capable of supporting vaponsation. 

m addition, thehigh impedance is due to lac. of vascularity of such tissues as m^ 
canaage. Except. -terefore. when musde or synovia, tissue is being treated. 

Of the ..bn.scopicb,ushe.ec.rodeU.hat it should provide raptdd^^ 
^^tissue. Desicca.efiu«don.B.yisnotare«,uirememofsuchan«^ 
,5 indeed, verv shon rigid bn«h electrodes with electrode ratios greater than 5:1 « 
' desir-.!.. Tl.eonWreaso„for™>televa.ing.heratioft«heris.heneedtocngage.he 

„a«„„m amoum of tissue and simultaneously reduce procedure nme. 
A,ho..ri»dbn«helectrode(of the typedescribed above with reference to Fi^ 
30 rumre can be thought of as an end-cecct electrode which has tissue d.^ 
pr'ecision with minimal thermal spread. Consequemly. « can be used to create d«m 
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holes in tissue, ihereoy to aeate an access channel to tissue deep to the surface, as may be 
required as part of an imerstitial ablation technique on a tissue mass such as a prostate 
adenoma or a uterine fibroid (myolysis). This use of a vaporising, end-effect, technique 
enables only the fibroid to be removed by complete debulking leaving a resection margin 
5 conforiningtoihe"falsecapsule"ofihefibroid. No normal tissue is removed and, due to 
control of collateral thermal effects at the endometrial resection margin, the scarring is 
reduced to a raiiamum, thercoy increasing what chances there were of restoring fertility. 
AddidonaUy, of course, vaporisation docs not produce resection chippings to imerfere whh 
visuaUsation and prolong the procedure through the need to wash them out once the 
10 resecrion is completed. Conventional loop electrode reseaoscopes require removal of 
normal tissue surrounding such fibroids, and this is disadvanugeous because it increases 
thechance of bleeding, the risk of uterine perforation and the scarring of the uterus. This 
latter.aspea is panicularly undesirable when the procedure is being perfonned m an 
attentpt to restore fenB'ity. 

IS 

Ahenanvdy. a shoa rigid brush electrode can be used to debulk a tumour (such as . 
fibroid, a bladder tumour or a prostate adenoma), or it can be used with the multiple 
p«,cture or drito technique. In this case, after removing the imrauterine portion, thci 
portion can be treated by creanng Cdrilling") a series of holes into the abnormal 
,0 ussue whether, ibr example, this is a fibro.d or prostatic adenoma. To assess the depth of 
peneiatioa marlcs mav be provided on the electrode shaft at measured distances from the 
tip. and heneeto compare the depth of penetration against the preoperative resutes of tests 
peifbimed to establish size of the nnnour or adenoma. The residual tissue bridges vriH 
diriric as part of the healing process. Whilst not removing the whole tumour, this 
25 techmque is safer and quicker than removing the entire ebroid or prostatic adenoma, when 
ueatmem is being performed either for menorrhagia or bladder outflow obstiuei»n. 
respectivciy. 

Another problem whh working in the confined space of a joim cavity is in preventing 
30 daa«te to a<Sacent structures, parxicuiariy when the vaporising effi« is enhanced. «^ 
bodtthetissuedensitv and application angle make engagemem and location difficiJ^^ This 
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proicaion feanirc is imrinsic in the side-cifect brush of Figure S. when ihe insuiaiion sieevc 
76 proicas tissue «)ovc below and behind ihe acuve decirooe window 76a which only 
occupies a smaii arc of the cross-scciionai form (as shown in Figure 9). 

5 Fitture 1 0 shows the electrode assembly of the seventh fonn of elccirode unit E7 This 
electrode assembly inchidcs a ccmral. tissue treatment (active) elcorode consiimied by a 
phirahiy of filaments made of tungsten or an alloy of tungsten or platmum. a tapered 
ceramic insuiaiion sleeve 86, a return dccirode 88, and an outer insu^ The 
insulation sleeve 86 is formed with a pair of (Uamcirically-opposed, forwardiy-cxtcnding 
10 wrags 86a wWch projca beyond the active elearode 84. The filaments constimting the 
active electrode 86 extend only a short distance firom the distal end of the insuiation sleeve 
86, thereby constimting a very shon bmsh decirode. The dectrodc unit E7 has. ihercforc, 
alarge renimiactive dcctrode ratio, so that Uus decirode unit is intended pnmaiily for a 
tissue removal by vaporisation. The decuodc unit E7 is particularly useful for 
15 dectrosurgical operations on meniscal cartilage or any other donate laminate structure 
which is to be treated from the side, as the wings 86a can be used to trap the cartilage 
against the active dectrode 84. The configuration of the wings 86a also assisu in 
preveming unnecessary exposure of the active dectrode 84, wttdi may otherwise damage 
ad^ stnicmrcs when working in the . confined spaces commonly encountered in 
20 endoscopic surgery 

Figures 1 la to 1 Id show dghih, ninin. tcmh and deventh foms of dectrode unit E8 to 
EU, eadi of whidi incorporates an active dectrode in the form of a coUed spring filamem 
94. The decirode units E8 to EUeadiindudes an insuiaiion sleeve 96, a return dcc^ 
25 98aadaninsulatingsheathl00. The dectrode unit E8 of Figure 11a is similar to that of 
Figure 5a, bdng imended primarily for desiccation: and the dectrode unit E9 of Figure 1 lb 
isrioilar to thai of Figure 1. bdng imended primarily for vaporisarion. The dectrode unit 
ElO of Figure lie is similar tb that of Figures 8 and 9. in that the coil dectrode 94 is 
formed in a cm-out 96a formed in the side of the insulation sieevc 96. and the rtxnra 
30 dectrode 98 is formed with a hood-like extension 98a whidi extends over the surfiice of 
the sleeve 96 whidi is opposite to the cut-out 96a. The dectrode miit ElO caa thus. 
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provide maxiimim tissue encagemcm for shallow workiim angie appUcaiions, and is 
anoiher form of side-effect electrode. The elearode unH El 1 of Figure Ud is siimlar lo 
that of Figure 10. in ihai the insulation sleeve 96 is formed with a pair of diametrically- 
opposed, forwardly-cxiending wings 96b. In each of these embodimons, the active 
5 electrode 94 is made of an alloy of platinum. 

The electrode units E8 to EU are amilar to the brush-type electrodes of Figures 1 to 10, 
and have similar surgical eSSeca, apan from the fact that they el'umnate the risk of splaying 
(whkh is advantageous in certain electro-surgical procedures). They have, however, the 
1 0 advantage of simplitying the assembly procedure, paniculariy when usiiwf platinum alloy 
materials. 

It will be apparent that modificanon could be made to the dectrosurgical insmmwiis 
described above. For example, the insulation sleeves 16. 36, 46, 56, 66, 76, 86 and 96 
15 could be made of a silicone rubber (such as a siUcone polyurethcne), glass, a polyimide or 
a thermoplastics material. 
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i An eiectrosurgicai insttumeni for the ireaimeni of tissue in the presence of an 
dectricaJly-conduciive fiuid mediuin. the instrument comprising an insmimem shaft, and 
5 an electrode assembly at one end of the shafL the electrode assen*ly compriring a tissue 
ireamiem electrode and a return electrode which is etecBieally insulated from the tissue 
„=a«.em dectrooeby means of an insulation member, the tissue treatment decnode being 
exposed at the distal end pomon of the instrument, and the return electrode having a flmd 
comact surface spaced proximaUy from the exposed emi of the tissue tieaimem electrode 
10 by the insulation member, wherein the exposed end of the tissue ueatmem electrode is 
constiimed bv a oiurality of tissue treatment filamentary members made of an eieoiicany. 
conducnve matenal. the f.iamenia.y members beinu electrically com,ected to a cotwnon 
electrical supply conductor. 

,5 2. Anelectrosunpcalinstmmemasclaimedindaiml.wbereinaphMlityofsq 
individual aaments constimte the filamentary members. 

J. An eiectrosurgicai instmment as claimed in claim 2. wherein the filamems each 
have a length King within the range of from 0 . 5 mm to 5 mm. 



20 



4 An electrosureical instrument as claimed in claim 2 or claim 3. wher«n A. 
filaments each have a diameter lying within the range of from 0.05 mm to 0.3 m«. 

5 Andearosurmcalinstrumemasclaimedindai«l.wh.rei«.si«^ 

25 cons.in«esthefilamemarymembers.thecoiUof.hefilamemco«s.in«i»g.hefi^^ 

members. 

6 An decuosur^ical instrnment as claimed in any one of claims I to 5. wherein the 
filamotan, members extend longitudinally from the extreme distal end of the »s.n««t. 

30 
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^ ^c..c.osur«ic.»ins.n..entasda:.ed.a„yoneofdaimsHo5.whercm^^ 

insulanon member adUeem to the dUtal end thereof 
, 8 ^ndectrosurmcali— ntasdaimedinda.m7.wherc.ntheretun,e.ecu^^ 
' , f„™.ed with a hood-Uke exte^ion which oaends over the surface of the ^ 
member which is opposite the cui-oui. 

, Ane.ectrosurgic.in— asdaimed-manvoneofdait.^^ 
,0 Lem3«membe«aremoumedwithinthe„.uUtio„memberinsach.^ 

reUtive to the .nsu>at.o„ member between a .rst opera^. ^ 
r^^te^endpaniaUvfromthe— onmen.er.^a.eco„dopera.m,po.u^^ 

in wUch they extend fiilly from the insulation member. 

■^o. member is fonned wUh at .east one w,„. the or each w.ns^n. dts-tt, 
^^ei^uiationmembertoproiect beyond the ttssue treatment eiectr^^ 

„ ^ dectrosur^cai instrument as daimed .n daim ,0. where., the insuUtion 
20 memberisformedwi.hap.irofdiame.naHy-opposedw,ngs. 

n A...ea.osuntica.instrumen.asda^edina„yoneofdaimsito.Kw^ 
12. Aneicarosu.. conduttor, the insuiauon member 

common dearical supply conductor is a cemrai condua 

sjnrounding the ccnind cotiducior. 

„ ....ec.n«.r.caiinsu^entasda.med.an,o„eofc.^ 
fiU«««y members .remade ofapredous metal such as p« 

30 M«nem«y members are made of a piatmum aUoy sudt as P 
ptarimnn/tungsien or plaiinum/cobali. 
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15. An cterosurgical insinimeni as ciaimed in any one of claims i to 12. wheremthc 
fUamemary members arc made of tungsten. 

16. An elccirosurcical instrument as ciaimed in claim 2. wherein the filaments each 
5 have a length lying within the ranee of from 5mm to 10mm. 

17. An ciectrosurgicai instrument as claimed in claim 16. wherein the filaments are 
made of stainless steel. 



10 



18. An dccnosurgical insuumeni as claimed in any one of claims I to 17. wherein the 
insulation member is made of a ceramic material. 



19. .An clearosurgicalinstiument as claimed in any one of claims 1 to 17. wherein the 
insulation member is made of silicone rubber. 

15 

20. Andcorodeunitforandearosurgicalinsiiumemfbrthetreaimcmrf 

presence of an decirically-conductive fluid medham. the decirode unit comprising a shaft 
having at one end means for comiection to an instrument handpiece, and, mounted on the 
other end of the shaft, an elearode assembly comprising a tissue treatment electrode and 
20 a return dectrode which is dectricaily insulated from the tissue treatment electrode by 
means of an insulation member, the tissue treatment dearode being exposed ai the distal 
end portion of the instrument, and the return dectrode having a fluid comact surfecc 
spaced proximaUv from the exposed end of the tissue treatmem dectrode by the insulanon 
member, wherdn the exposed end of the tissue treatment dearode is constituted by a 
25 plunditv of tissue treatment filamentary members made of an dectricalW^nAiciive 
materiat the filamentary members bdng dectricaily comieaed to a common dectncal 
supply conduaor. 

21. Electrosurgical apparatus comp«ising > Mu««y S«««>' " 
30 eleettosurgicai insmunem for .he ireannen. of tissue in the pressure of an eleenicJJy 
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»$semb»y at one end of the shaft, the elearode assembly comprising a tissue treaunem 
electrode and a return elearode which is eiecirically insulated from the tissue treatment 
deaiode by means of an insulation member, the t«sue treatment elearode being exposed 
a, the distal end portion of the mstmmenu the return elearode having a Huid contaa 

5 suTBce spaced pronmaUy from the exposed end of the tissue ueatment elearode by the 
insulation member, and the radio frequency generator having a bipolar output conneaed 
to the eteorodes. whewm the exposed end of the tissue treatment elearode is constituted 
byaphaalitv of tissue treatment fiUmemary members made of an elearicaUy^onductive 
„«eriaL the filamentary members being electricaUy conneaed to the radio frequency 

10 generator by a common electric supply conductor. 

22. Apparams as claimed in claim 21. wherein the radio frequency generator indudes 
«,«rol means for varying the output power delivered to the eleorodes. 

1$ 23 Appa«us as daimed in daimrj, wherein the comrol means is such as to provide 
o^putpowerinitet and seomdoutpm ranges, the first omput range being for powerH^ 

the elearos«sical insinm.ent for tisste dessicadon. and the second output range bemg for 
powering the electrosursicaj insntmiem for tissue removal by vapotisarioit 

20 '4 Apparana as claimed in claim 23. wherein the first output range is from about ISO 
'volts to 200 volts, and the second output range is from about 250 volu to 600 vohs. the 
voltage bdflg peak volt^es. 
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